Background: Differentiation of systemic juvenile idiopathic arthritis (SJIA) fever from other childhood fevers is often delayed due to the lack of reliable, specific biomarkers. We hypothesized that PD-L1 expression is dysregulated in SJIA monocytes and compared it to other candidate SJIA biomarkers. Methods: This pilot study enrolled children with fever without source and compared PD-L1 expression on myeloid cells to C-reactive protein, erythrocyte sedimentation rate, leukocyte counts, S100A12, S100A8, S100A9, calprotectin, and procalcitonin. Logistic regression models were fit to test SJIA diagnosis with each marker used as an independent predictor. Receiver operating characteristic curves and area under curve were calculated. Gene expression profiling on a subset of samples was performed. results: Twenty subjects (10 active SJIA, 10 febrile non-SJIA) were enrolled. S100 proteins were significantly elevated in SJIA with >80% sensitivity and >90% specificity. PD-L1 expression was significantly lower in SJIA. Other markers were not specific for SJIA. On exploratory gene analysis, 106 genes were significant for SJIA association, and several of these are associated with immune response pathways. conclusion: In this small cohort, S100 proteins were specific diagnostic biomarkers for SJIA in children with fever. Decreased PD-L1 surface expression on circulating myeloid cells in SJIA suggests possible mechanism for loss of peripheral immune regulation.
s ystemic juvenile idiopathic arthritis (SJIA) typically presents with prolonged fevers, arthritis, evanescent rash, lymphadenopathy, organomegaly, and/or serositis. SJIA diagnosis in clinical practice is fraught with difficulty due to the lack of a specific diagnostic test. Prior to initiating therapy, clinicians need to differentiate SJIA from other childhood causes of prolonged fever, such as infection, Kawasaki disease (KD), and malignancy. Identification of a biomarker to differentiate SJIA from other causes of childhood fever quickly and accurately would enable early targeted therapy (1) , and shorter hospitalizations while decreasing patient and family suffering and morbidity. Distinguishing between SJIA and malignancy or infection is crucial in children, as corticosteroid therapy is often required to treat SJIA but is relatively contraindicated in children with underlying infections and can adversely affect the ultimate response to treatment and outcome in children with malignancy.
Attempts have been made to distinguish SJIA from its mimics, such as infection and malignancy (2, 3) . Usual markers of inflammation, such as C-reactive protein, erythrocyte sedimentation rate, and ferritin are not specific for SJIA. S100A12 (EN-RAGE), a calcium-binding protein secreted by activated phagocytes, is highly expressed in SJIA (specificity 94%, sensitivity 66%) (3) and KD (4), but not during infection or malignancy. Additionally, calprotectin (S100A8/9 heterodimer) is reported to be higher in patients with active SJIA compared with healthy controls, systemic infections, or malignancies (5, 6) . While elevated levels of IL-6 are associated with particular clinical features such as fever, thrombocytosis, C-reactive protein elevation, and osteoporosis (7), serum cytokine measurements are not helpful for SJIA diagnosis. Allantaz et al. (8) identified a leukocyte transcriptional signature that enables differentiation of SJIA from other febrile illnesses that awaits confirmation.
The pathogenesis of SJIA remains incompletely understood. The innate immune system is believed to play an important role. An expansion of cells of monocyte/macrophage lineage during SJIA flare (9) (10) (11) , with increased expression of corresponding genes, has been reported (8, 9, (12) (13) (14) . Crosstalk between the innate and adaptive immune system regulates a healthy inflammatory response. An important immunoregulator is programmed death ligand-1 (PD-L1), a glycoprotein expressed on antigen-presenting cells to limit T lymphocyte activation during an inflammatory response. Upon binding to its receptor, PD-L1 blocks T-cell proliferation and both IFN-γ and TNF-α production (15) . PD-L1 expression is known to be upregulated during infection, malignancy, and most Articles autoimmune diseases, including rheumatoid arthritis (16) (17) (18) (19) and polyarticular JIA (unpublished data, Stevens Laboratory). In contrast, Mozaffarian et al. (20) have demonstrated decreased PD-L1 expression in systemic lupus erythematosus, suggesting a mechanism for loss of T lymphocyte regulation, and also a potential biomarker to distinguish SLE from infection. This pilot study tested the utility of PD-L1 expression as a biomarker to distinguish SJIA from other childhood febrile illnesses. We compared PD-L1 expression to other candidate markers for predictive value in SJIA diagnosis.
RESULTS
Twenty-two subjects were enrolled in the study from 2010 to 2012. Two subjects, eventually diagnosed with mixed connective tissue disease and polyarticular JIA, were excluded. Eight subjects had newly diagnosed SJIA (treatment naive, four patients did not meet International League of Associations for Rheumatology criteria because they were treated with a presumptive diagnosis before 14 d of fever). Two subjects had known SJIA on immunosuppressive medications and presented with fever secondary to disease flare (subject 6 was on subcutaneous anakinra 2 mg/kg/d, oral prednisolone 0.03 mg/kg/d, and subcutaneous methotrexate 1 mg/kg/wk; subject 19 was on oral prednisolone 2 mg/kg/d, intravenous tocilizumab 12 mg/ kg every 2 wk, and oral cyclosporine 4 mg/kg/d). The non-SJIA group comprised of six KD (two typical KD, of which one had coronary artery abnormalities; four with incomplete KD, of which two had coronary artery abnormalities), three infections, (viral lymphadenitis, pyelonephritis, and pneumonia), and one indeterminate. Subject 11 with incomplete KD and recent Epstein-Barr infection was classified as KD as this was believed to be the dominant cause of fever clinically (based on response to Intravenous immunoglobulin and initial echocardiogram demonstrating lack of distal tapering of coronary arteries). Table 1 depicts clinical and laboratory characteristics at enrollment. SJIA and non-SJIA groups differed only in incidence of arthralgia, arthritis, ALT, and neutrophil counts. We measured PD-L1 expression on myeloid cells by flow cytometry (Supplementary Figure S1 online) and found that PD-L1 expression on both monocytes (Mo) and activated monocytes (aMo) was significantly lower in SJIA ( Table 2 ). Subgroup analysis demonstrated that normalized PD-L1 mean fluorescence intensity expression was higher in both KD and infection compared to SJIA (median normalized mean fluorescence intensity PD-L1 Mo: SJIA 7, KD 50, infection 40, P = 0.009; aMo: SJIA 6, KD 56, infection 44, P = 0.07; myeloid dendritic cells (mDC): SJIA 5, KD 12, infection 11, P = 0.12).
The strongest association with SJIA was in S100 protein levels, all significantly higher in SJIA with area under curve (AUC) ≥ 0.95, and 80% sensitivity with 90% specificity for SJIA. Calprotectin was eightfold higher in SJIA with AUC 0.86 with 80% sensitivity and specificity (Supplementary Figures S2 and S3 online). Exploratory subgroups revealed significantly higher median S100 proteins in SJIA compared with KD or Articles Shenoi et al.
infection (S100A12 (ng/ml): SJIA 7,236, KD 316, infection 292, P = 0.003; S100A8 (ng/ml): SJIA 2,975, KD 214, infection 531, P = 0.006; S100A9 (ng/ml): SJIA 480, KD 44, infection 53, P = 0.005). There were no differences in erythrocyte sedimentation rate or C-reactive protein between groups. Procalcitonin was elevated 10-fold in patients with infection but was not significantly different in SJIA (median procalcitonin (ng/ml): infection 2.5, SJIA 0.2, KD 0.7, P = 0.24). We were unable to determine the utility of ferritin as a biomarker as this was available for only two non-SJIA patients (median ferritin 482 ng/ml) and eight SJIA patients (median ferritin 971 ng/ml).
To identify novel biomarkers for SJIA, gene expression was explored by microarray. Principal component analysis, correlational heat map, and hierarchical clustering (Figure 1 ) identified three subgroups with no clear association with disease status. All SJIA subjects except subject 21 and subject 19 clustered together. Subject 19 is a known SJIA patient on prednisone cyclosporine and tocilizumab. Expression data is publically available at NCBI GEO repository (21). Using a relaxed unadjusted P value of ≤0.001, 106 genes were significantly associated with SJIA. With one-way ANOVA false discovery rate at 0.05 (ref. 22) , nine genes met criteria (BEX5, C11orf74, CTGF, LOC728368, PSPH, SNORD57, THUMPD3, ZC3H12B, and ZNF764). For functional analysis, we reduced significance criteria to unadjusted P value of ≤0.05 and applied an additional criterion of fold change >2 or < −2, compared to healthy controls. Finally, 1,161 probes met criteria and were uploaded to GeneGo Metacore (Thomson Reuters, New York, NY). The top 10 canonical pathways (Supplementary Tables S1-S3 online) were associated with cell cycle and immune responses. Interestingly, in contrast to surface expression detected by flow cytometry, PD-L1 mRNA expression was upregulated in SJIA.
DISCUSSION
This exploratory study compares the utility of candidate biomarkers for their ability to distinguish SJIA from non-SJIA fever and provides the first data on PD-L1 and procalcitonin in SJIA. PD-L1, an immunoregulatory protein, is upregulated in rheumatoid arthritis (23), inflammatory bowel disease (24) , and infection (16, 17) . Gene expression profiles may be affected by differing leukocyte composition in individual patients. Interestingly, although we noted decreased expression of PD-L1 surface protein in monocytic cells of SJIA, whole blood PD-L1 mRNA expression was upregulated, possibly due to the abundance of neutrophils in whole blood expressing PD-L1 (Stevens Laboratory, unpublished data and reported in Jarvis et al. (25) ). SJIA subjects had significantly higher neutrophils compared to non-SJIA subjects. The impact of PD-L1 on neutrophils in controlling lymphocyte reactivity has not been explored.
In keeping with previous reports, our study confirms the utility of S100A12 as a diagnostic biomarker for SJIA (3, 26) . Our data additionally show that S100A12 may have potential to distinguish KD from SJIA, although replication of this finding in a larger cohort is essential. While the calprotectin complex has been shown to be more relevant in SJIA (5,6,27) with increased levels in synovium and serum, we show that S100A8 and S100A9 monomers are also increased in SJIA.
Procalcitonin was reported to have excellent sensitivity and specificity for bacterial fever in Still's disease (28) . Our data demonstrating elevated procalcitonin in infections is consistent with this, although the number of subjects with infection was low.
Expression array data overlapped with previous studies: 41 (including IL1B, NFATC3, STAT4 and other genes associated with the innate immune response), 2 (ATP2B1 and RNF14) and 64 genes were also identified by Ling et al., Allantaz et al., and the ANAJIS trial, respectively (8, 29, 30) . Of the nine genes 
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Articles in our group that met the more stringent false discovery rate, interestingly ZC3H12B encodes a protein with a role in proinflammatory actions of macrophages (31) . In addition, connective tissue growth factor (CTGF) is associated with several functions including fibrosis, angiogenesis, and tumorigenesis and is believed to play a role in inflammatory disorders including rheumatoid arthritis and CTGF polymorphisms are associated with systemic sclerosis (32) (33) (34) . Limitations of the study include small sample size, lack of patients with periodic fever or malignancy, sampling bias, and lack of a replication cohort. We were unable to assess the impact of immunosuppression on SJIA biomarkers, as only two patients were on such medications. Strengths of the study include the novel observation of decreased PD-L1 expression in SJIA that may point to an additional pathway important in pathogenesis and validation of S100A12 as a biomarker specific for SJIA.
To summarize, this pilot study determined that S100 proteins are indeed potential biomarkers to diagnose and distinguish SJIA fever from other causes of fever. We also determined that PD-L1 expression on SJIA myeloid cells was decreased unlike previously reported in patients with infectious diseases, a novel finding that requires replication in larger cohorts of SJIA subjects.
METHODS
This study was approved by Seattle Children's Hospital Institutional Review Board, and informed consent was obtained. All pediatric admissions, emergency department records, and outpatient rheumatology records were screened for eligible subjects. The study enrolled children 11 mo to 18 y with fever without source (fever without source was defined as: daily temperature ≥ 38 °C ≥ 5 d in a previously healthy child or daily fever ≥38 °C for ≥ 2 d in a child previously diagnosed with SJIA). Exclusion criteria were: (i) other rheumatic diseases; (ii) immunosuppressive therapy 2 wk prior to enrollment (including corticosteroids >0.5 mg/kg/d) except known SJIA patients were allowed to be on immunosuppressive therapy as long as there were no changes to their medications during the 4 wk prior to enrollment; (iii) pregnancy; (iv) hematocrit <20%; (v) stem cell or organ transplantation.
Blood was collected into Cell Preparation Tubes (BD Biosciences, San Jose, CA) and PAXgene RNA tubes (Qiagen, Valencia, CA). Peripheral blood mononuclear cells and plasma were isolated within 6 h and cryopreserved. PD-L1 expression assays were performed as previously reported (20, 35) . PD-L1 + cells segregated into monocyte (Mo: CD14 high CD11c + ), activated monocyte (aMo: CD14 + CD11c + CD16 + ), and immature myeloid dendritic cell (mDC: CD14 low CD11c + ) populations. To normalize for day-to-day variation in flow cytometer settings, mean fluorescence intensity for PD-L1 was normalized to background mean fluorescence intensity of the CD3 -CD14 -CD11c -subset (consistently negative for PD-L1 expression and similar to isotype controls) (Supplementary Figure S1 online).
Other biomarkers were analyzed in plasma by ELISA: procalcitonin (VIDAS B-R-A-H-M-S; BioMerieux, Durham, NC), S100 A12, A8, A9 (Circulex; MBL International, Woburn, MA), and Calprotectin (heterocomplex of S100 A8 and A9 proteins, Legend MAX Human MRP8/14; Biolegend, San Diego, CA).
Whole blood mRNA expression was analyzed by microarray on 14 samples (6 SJIA, 4 KD, 1 infection, and 3 healthy children). The Illumina Human HT-12 v4 Expression BeadChip (Illumina, San Diego, CA) was used with globin-reduced RNA (GlobinClear; Life Technologies, Grand Island, NY). RNA integrity was assessed using the Bioanalyzer 2100 (Agilent, Santa Clara, CA), and concentrations measured using NanoQuant (Tecan, San Jose, CA). cRNA was prepared by amplification with the Illumina TotalPrep RNA Amplification Kit (Life Technologies), hybridized, and scanned on HiScanSQ (Illumina).
Statistical Analysis
Tests were considered exploratory given small sample sizes. Final diagnosis was determined by chart review 12 wk after study enrollment. Subjects were categorized as: (i) SJIA by International League of Associations for Rheumatology criteria (36) or clinical diagnosis by attending pediatric rheumatologist (37); (ii) non-SJIA (infection, KD, indeterminate). The diagnosis of KD was made by attending pediatricians based on the 2004 American Heart Association algorithm for diagnosis and treatment of KD (38) . Descriptive statistics were calculated including median, 25
